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(54) Microarray, method for producing the same, and method for correcting inter-pin spotting 
amount error of the same 



(57) The present invention has an objective of ob- 
taining more accurate data of microarray experiments 
by correcting an inter-pin spotting amount error caused 
upon microarray production using a plurality of pins. 

Upon microarray production, samples are immobi- 
lized on a microarray support using all pins as controls 



for correcting the inter-pin spotting amount errors. After 
the microarray experiments, luminescent intensities of 
the samples used as control spots for correcting the in- 
ter-pin spotting amount errors are measured and used 
to obtain correction parameters for the inter-pin spotting 
amount errors of respective pins. These parameters are 
used to correct luminescent intensities of other samples. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a microarray, a method for producing the same using pins, and a method for 
correcting inter-pin spotting amount errors of the same. 

BACKGROUND OF THE INVENTION 

[0002] In the fields of molecular biology and biochemistry, biopolymers such as nucleic acids and proteins from 
organisms are identified and/or fractionated in orderto search for useful genes orto diagnose diseases. A hybridization 
reaction is frequently used as a pretreatment for such process, where a target molecule in a sample is hybridized with 
a nucleic acid or a protein having a known sequence. For this purpose, microarrays, or so-called biochips or DNA 
chips, are used on which probes such as DNAs, RNAs or proteins with known sequences are immobilized at prede- 
termined positions. 

[0003] On a microarray, a plurality of regions called features are defined on which different probes are immobilized. 
The microarray is placed into a reaction container together with sample DNA or the like to allow the fluorescence- 
labeled sample DNA to hybridize with the probes immobilized on the respective features of the microarray. Thereafter, 
the microarray is irradiated with excitation light to measure fluorescent intensity of each feature. Based on the measured 
fluorescent intensities, the binding levels between the respective probes and the sample DNA are obtained and con- 
verted into desired information. 

[0004] Currently, there are roughly two methods for producing microarrays. One is a method in which oligonucleotides 
are synthesized on a microarray support, and the other is a method in which samples such as cDNAs are spotted on 
a microarray support. The latter microarray production method generally uses pins for capturing samples from wells 
of a well plate storing the samples and immobilizing the samples onto the microarray support. In order to improve 
speed of producing the microarray, a plurality of pins are used simultaneously. Since many microarray experiments 
require to measure quantitative differences between the spots, great care should be taken to produce uniform pins 
and to accurately attach pins to a device not to cause any spotting amount error between the plurality of simultaneously- 
used pins. 

[0005] However, as the number of the simultaneously-used pins are increased in order to perform faster microarray 
production, it becomes more difficult to equalize the spotting amounts of the pins by production of uniform pins and by 
accurate attachment of the pins to the device (i.e., by hardware means). 

[0006] In view of the above-described problems, the present invention has objectives of providing a microarray which 
does not have an influence on measurement results even when there is a difference of spotting amount between pins, 
a method for producing such microarray, and a method for correcting an inter-pin spotting amount error of a microarray. 

SUMMARY OF THE INVENTION 

[0007] The present invention realizes the above-mentioned objectives by software means. Specifically, a particular 
40 sample is spotted using all of the pins to generate control spots (inter-pin error correction control spots) as a part of 
samples to be immobilized upon microarray production. Luminescent intensities of the inter-pin error correction control 
spots are measured using a microarray reader, thereby obtaining spotting amount error information. Correction pa- 
rameters for the inter-pin errors are obtained for respective pins based on the obtained spotting amount errors to correct 
luminescent intensities of spots on the same microarray measured with the microarray reader, thereby obtaining cor- 
45 rected values for the measured values of the respective spots. 

[0008] In order to correct the luminescent intensity of each spot, it is necessary to specify which spot has been 
spotted with which pin. The present invention comprises a database for storing information as to which sample has 
been taken from which well (coordinate positions) of a well plate storing samples to be immobilized on respective spots 
upon microarray production, and a program for tracing which pin is actually used for spotting that sample. 
so [0009] A microarray according to the present invention comprises a support on which a plurality of sample spots are 
arranged in a two-dimensional array, wherein the plurality of sample spots comprise a group of sample spots of identical 
samples as control spots having a predetermined positional relationship which are used for correcting spotting amount 
errors among sample spots belonging to other groups of sample spots having the same relative positional relationships 
as that of the group of control spots. 
55 [0010] The sample spots belonging to the groups of sample spots may not be provided on the microarray in an 
adjacent manner. When the sample spots are to be immobilized on the microarray at a pitch narrower than pin intervals 
of the pins of the spotting device, the control spots are provided at skipped positions on the microarray. 
[0011] According to a method of the invention for producing a microarray having a support on which a plurality of 
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sample spots are arranged in a two-dimensional array, an operation is repeated in which a plurality of samples are 
simultaneously spotted on the support by using a spotting device provided with a plurality of pins, wherein the method 
comprise a step of simultaneously spotting the same samples on the support with all of the pins of the spotting device. 
The identical samples simultaneously spotted using all of the pins of the spotting device act as control spots for meas- 

5 uring inter-pin spotting amount errors caused by differences between individual pins of the spotting device. 

[0012] According to a method of the invention for correcting an inter-pin spotting amount error of a microarray pro- 
duced by repeating an operation of simultaneously spotting a plurality of samples on a support by using a spotting 
device provided with a plurality of pins, the method comprises the steps of: simultaneously spotting the same samples 
as controls on the support with all of the pins of the spotting device, where a plurality of samples are spotted on the 

10 support with the spotting device; measuring spotting amounts of the controls spotted with the respective pins of the 
spotting device to obtain correction parameters for inter-pin spotting amount errors; and correcting a measured value 
of each sample spot on the support by using the obtained correction parameters for the inter-pin spotting amount errors. 
[0013] The spotting amounts of the controls using respective pins of a spotting device may be measured after a 
hybridization reaction with a sample or before the hybridization. When the spotting amounts of the controls are to be 

15 measured after the hybridization reaction, for example, luminescent intensities from fluorescence-labeled samples 
hybridized to the controls may be measured as the spotting amounts of the controls. On the other hand, when the 
spotting amounts of the controls are to be measured before the hybridization reaction, for example, a predetermined 
level of fluorescent substance may be contained in the controls so that luminescent intensities from the fluorescent 
substances can be measured as the spotting amounts of the controls. 

20 [0014] According to a method for correcting an inter-p'm spotting amount error of the microarray, information for 
identifying the pins used for immobilizing the samples to respective sample spot locations may be obtained via positional 
information of wells on a well plate, which store the samples to be transferred to a microplate with the pins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0015] Figure 1 is a diagram showing an outline of a measurement using a microarray of the invention. 
[0016] Figure 2 is a schematic view showing a process for dispensing samples into a well plate. 
[0017] Figures 3A and 3B are schematic views illustrating a process of producing a microarray by using a spotting 
device having a plurality of pins. 
30 [0018] Figure 4 is a schematic view of a microarray reader. 

[001 9] Figures 5A and 5B are tables showing an exemplary structure and exemplary data of a microarray information 
database. 

[0020] Figure 6 is a flowchart showing an outline of an operation by a luminescent intensity correcting program. 
[0021 ] Figures 7A to 7B are views showing exemplary screens for displaying corrected values of luminescent inten- 
ds sities. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Hereinafter, embodiments of the present invention will be described with reference to the attached drawings. 

40 Herein, a spotting device having four pins is exemplified for convenience. However, it is obvious that the present in- 
vention is equhvalently applicable to microarrray production using a spotting device having more than four pins. 
[0023] Figure 1 is a diagram showing an outline of a measurement using a microarray of the invention. For experi- 
ments using the microarray, a microarray information database 104 stores sample data, microarray production data 
and microarray data obtained during the course of preparation of various samples 1 01 , microarray producing apparatus 

45 102 and microarray reader 103. The data in the database 104 is used for identifying the various samples, for storing 
Information as to which sample has been taken from which position of a well plate storing the samples, and for tracing 
which pin is actually used for spotting that sample. Once an order 1 07 is given for calculating corrected values of 
luminescent intensities of respective spots, a luminescent intensity correcting program 105 starts to calculate the cor- 
rected value of the luminescent intensity of each spot based on the information acquired from the microarray information 

so database 104, and displays the results on a display device 106. Details of the microarray information database 104, 
the luminescent intensity correcting program 105 and display on the display device 106 will be described later. 
[0024] Figure 2 is a schematic view showing a process for dispensing samples 201 to 205 prepared for a microarray 
experiment into a well plate 214. The samples 201 to 205 are samples to be immobilized on a microarray and are 
stored in respective Eppendorf tubes. The sample 201 is prepared as a control for correcting inter-pin spotting amount 

55 errors. The samples 202 to 205 are Samples 1 to Sample 4 as subjects of a test using the microarray. The sample 201 
as a control for correcting the inter-pin spotting amount errors is necessary for obtaining corrected luminescent inten- 
sities of respective spots and is prepared like other samples. 

[0025] As represented by broken arrows in Figure 2, the samples 201 , 202, 203, 204 and 205 in the Eppendorf tubes 
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are dispensed into wells 206 to 209, a well 210, a well 211, a well 212 and a well 213 of a well plate 214, respectively. 
The sample 201 (as the control for correcting the inter-pin spotting amount errors) needs to be dispensed into wells 
which are at positions where all of the plurality of pins of the spotting device used for immobilization on the microarray 
are simultaneously accessible to the samples. 
5 [0026] At this point, information of the samples 202 to 205, information as to which sample has been dispensed into 
which well on the well plate 214 and the like can be obtained. The obtained information is stored in the microarray 
information database 104 as sample spot information. 

[0027] Figures 3A and 3B are schematic views illustrating a process of immobilizing samples from the respective 
wells of the well plate onto the microarray by using the spotting device having four pins. The spotting device 301 has 

10 four pins that are capable of simultaneously capturing four kinds of samples from the well plates 302a, 302b.... Ac- 
cordingly, four spots can be spotted on the microarray support 303 at the same time by a single spotting operation. As 
shown in Figure 3A, tips of the four pins of the spotting device 301 are immersed into wells of the well plate 302a 
containing the samples. Then, as shown in Figure 3B, the tips of the pins of the spotting device 301 capturing the 
samples make contact with the microarray 303 at designated coordinate positions, whereby the samples on the tips 

15 of the pins transfer to the microplate to be immobilized thereon and form sample spots. 

[0028] At this point, information of the pins or the like used for microarray production is stored in the microarray 
information database 104 as microarray information. Herein, the alignment between the positions of the samples on 
the well plates 302a, 302b... and the positions on the microarray 303 will not specifically be mentioned since the 
operations with the pins for immobilizing samples may vary depending on a microarray producing apparatus. However, 

20 the alignment here is made suitable. 

[0029] Figure 4 is a schematic view showing a process of reading luminescent intensities of respective spots on a 
produced microarray 401 and a background luminescent intensity of the microarray 401 itself by using a microarray 
reader 402. 

[0030] First, a fluorescence-labeled sample is hybridized with samples immobilized on the microarray according to 
25 a known method. Thereafter, the microarray 401 is placed beneath the reader 402 to be irradiated with excitation light 
from a excitation light source 403. Luminescence from fluorescenceiabels are read with a two-dimensional optical 
sensor 404. An optical filter 405 which does not allow passage of the excitation light from the lamp 403 but permits 
passage of the luminescence from the fluorescence labels is arranged on an optical path of the two-dimensional optical 
sensor 404. Data of read luminescent intensities of spots and information of the background value between the spots 
30 are sent to a computer 407 via a controller 406. Information of luminescent intensity of each spot obtained by reading 
the microarray information with the microarray reader 402 and information of the background value of the microarray 
is stored in the microarray information database 104 as sample spot information and microarray information, respec- 
tively. 

[0031] Figures 5A and 5B are tables showing an exemplary structure of the microarray information database 104. 

35 The table shown in Figure 5 A shows exemplary records of information relative to microarrays, and includes fields such 
as microarray IDs 501 , background values 502 of the microarrays, definitions 503 of the microarrays and types of pins 
504 used for microarray production. The table shown in Figure 5B shows exemplary records of information relative to 
spots immobilized on the microarray, and includes fields such as spot IDs 505, pointers to the microarray information 
(microarray IDs) 506, sample names 507, definition information 508, luminescent intensities 509 and positional infor- 

40 mation 600 and 601 of wells on the well plate. 

[0032] Based on these data, a pin used for immobilizing a sample on each spot location is specified from a plurality 
of pins (herein, four pins) of a single spotting device 301 to obtain a correction parameter for an inter-pin spotting 
amount error for the pin. The obtained correction parameters for the inter-pin spotting amount errors are used to cal- 
culate a corrected value of the luminescent intensity of each spot, which will be described below. 

45 [0033] Figure 6 is a flowchart showing an outline of an operation by the luminescent intensity correcting program 
1 05 used for calculating a corrected value of the luminescent intensity of each spot. Once the program starts, first 
samples used as inter-pin spotting amount error correction controls are specified. Information of these samples such 
as luminescent intensities thereof, well coordinates information thereof and a type of pins used for immobilizing the 
samples onto the microarray is acquired from the microarray information database 104 (S601). In this example, it can 

so be found from the sample spot information shown in Figure 5B, that four spots designated spot IDs SS1 to SS4 are 
derived from the control samples, that the luminescent intensities of these control samples are 4500, 4600, 4400 and 
4700, respectively, and that X-Y coordinates of wells containing the respective control samples are (1, 1), (1 , 2), (2, 1) 
and (2, 2), respectively. Further information can be obtained from the microarray information shown in Figure 5A that 
the pin type of the microarray designated microarray ID MA1 is 2 x 2 and that the background value is 100. 

55 [0034] Next, from the coordinates information of the wells and pin type information, pins used for immobilizing the 
respective samples as the controls for correcting the inter-pin spotting amount errors are specified as a set of pin 
specifying variables (A, B) as calculated by the following [Equation 1] and [Equation 2] (S602). 
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[Equation 1] 



X = 



X-coordinate of the well 



5 



Y = 



Number of pins along x-axis 
Y-coordinate of the well 



Number of pins along y-axis 



X': An integer of X, where the first place of decimal is counted as a whole number when not 0. 
Y*: An integer of Y, where the first place of decimal is counted as a whole number when not 0. 



10 



[Equation 2] 



Pin specifying variable A = x-coordinate of the well - 



15 



(X' - 1) x number of pins along x-axis 



Pin specifying variable B = y-coordinate of the well 



20 



(Y 1 - 1) x number of pins along y-axis 



[0035] The above-mentioned [Equation 1] and [Equation 2] are used for determining the pin specifying variables 
indicating one of the plurality of pins of the spotting device 301 , which is used for immobilizing a particular sample onto 
the microarray. A group of wells storing samples that are captured with the plurality of pins at a time is considered as 

25 a single block. [Equation 1] determines a block that meets at the x- and y-coordi nates, to which a particular well belong. 
[Equation 2] gives x-y coordinates of the particular well within the block to which it belongs by subtracting the blocks 
at the left of and above the block determined by [Equation 1]. Since a single block is a group of wells of samples that 
are captured with the pins at a time, the obtained coordinates correspond to x-y coordinates of the pin used for the 
particular well. By using the obtained x- and y-coordinates as pin specifying variables, the pin used for immobilizing 

30 the sample in the particular well on the microarray can be specified. In the case of arrangement shown in Figure 3, pin 
variables (A, B) determined by above [Equation 1] and [Equation 2] will result in four coordinate sets {(1,1), (2, 1 ), (1 , 
2), (2, 2)}. 

[0036] Next, correction parameters CP. (A, B) for inter-pin spotting amount errors of the plurality of pins (A, B) of the 
spotting device 301 are determined. For this purpose, the above-mentioned pin specifying variables of the respective 
35 pins, luminescent intensities of samples used as inter-pin spotting amount error correction controls, and the background 
value BG of the microarray are used (S603). 

[0037] A correction parameter C.P.(A, B) for inter-pin spotting amount error of a particular pin specified by pin spec- 
ifying variables (A, B) is determined by the following [Equation 3]. 



45 [0038] The average value of the luminescent intensities of the controls as the dividend of [Equation 3] is obtained 
by dividing the sum of the luminescent intensities of all controls by the number of the controls, and subtracting the 
background value BG of the microarray from the obtained value. Thus, correction parameters C.P.(1 , 1), C.P.(2, 1), C. 
P.(1 , 2) and CP. (2, 2) are obtained for the inter-pin spotting amount errors of the four pins. 

[0039] Then, a luminescent intensity of a particular sample whose corrected value is desired and coordinates infor- 
so mation of its well on the well plate are obtained from the microarray information database 104(S604). 

[0040] Based on the coordinates information of the well of the particular sample and pin type information, pin spec- 
ifying variables (A, B) are determined by above [Equation 1 ] and [Equation 2] for the pin used for spotting that particular 
sample. Sample spots having identical pin specifying values are samples spotted with the same pin. Thus, the pin 
used for spotting the particular sample on the microarray can be specified (S605). 
55 [0041] By using the inter-pin spotting amount error correction parameter CP (A, B) of the pin used for immobilizing 
the sample, the corrected luminescent intensity (corrected value) is calculated by the following [Equation 4] (S606). 
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[Equation 3] 

Average value of luminescent intensities of controls 
Luminescent intensity of control of pin (A, B) - BG 



CP.(A, B) = 
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[Equation 4] 
Corrected value = 

5 

CP. (A, B) x (luminescent intensity of the sample - BG) 

[0042] When corrected intensity values of more than one sample need to be calculated, Steps 604 to 607 are repeated 
until calculation of the corrected values for all of the desired samples are judged to be completed at Step 607. Finally, 

10 the determined corrected values of the luminescent intensities of respective samples are displayed on a screen (S608). 
[0043] Figures 7A to 7C are views showing exemplary screens. As shown in Figure 7A, a screen 701 for displaying 
corrected luminescent intensities includes information such as sample names, pins used for immobilizing the respective 
samples, measured luminescent intensities and corrected luminescent intensities of the respective samples, and cor- 
rection parameters for inter-pin spotting amount errors for the respective pins. As shown in Figure 7B, a command 

15 "selective display" or "sort" can be selected from [Edit] menu on a menu bar 702 of the corrected value displaying 
screen 701 to open a dialog box 703 for selective display or a dialog box 704 for sorting as shown in Figure 7C. By 
operation on these dialog boxes, data displayed on the corrected value displaying screen 701 can be processed. 
[0044] According to the above description, correction parameters CP. (A, B) for inter-pin spotting amount errors of 
a microarray are determined after a hybridization reaction of the microarray. However, correction parameters CP.(A, 

20 B) for inter-pin spotting amount errors of a microarray may be determined by measuring control spots already containing 
a fluorescent substance after sample spotting and before a hybridization reaction. 

[0045] According to the present invention, luminescent intensity errors caused by spotting amount errors between 
individual pins upon microarray production can be corrected, thereby obtaining measurement results that are not in- 
fluenced by the quality of the hardware. 

25 

Claims 

1 . A microarray comprising a support (21 4;302 a f b,c) on which a plurality of sample spots (206 to 21 3) is arranged 
30 in a two-dimensional array, 

wherein the plurality of sample spots (206 to 213) comprise a group of sample spots (206 to 209) of identical 
samples as control spots having a predetermined positional relationship which are used for correcting spotting 
amount errors among sample spots (210 to 213) belonging to other groups of sample spots having the same 
relative positional relationships as that of the group of control spots. 

35 

2. A microarray according to claim 1 , wherein the sample spots belonging to the group of sample spots are not 
provided on the microarray in an adjacent manner. 

3. A method for producing a microarray having a support(214; 302 a, b, c) on which a plurality of sample spots (206 
40 to 213) are arranged in a two-dimensional array, by repeating an operation of simultaneously spotting a plurality 

of samples on the support by using a spotting device provided (301) provided with a plurality of pins, wherein the 
method comprise a step of simultaneously spotting the same samples on the support with all of the pins of the 
spotting device. 

45 4. A method for correcting an inter-pin spotting amount error of a microarray produced by repeating an operation of 
simultaneously spotting a plurality of samples (206 to 213) on a support (302 a, b, c) by using a spotting device 
(301 ) provided with a plurality of pins, the method comprising the steps of: 

simultaneously spotting the same samples as controls on the support with all of the pins of the spotting device, 
50 where a plurality of samples are spotted on the support with the spotting device; 

measuring spotting amounts of the controls spotted with the respective pins of the spotting device to obtain 
correction parameters for inter-pin spotting amount errors; and 

correcting a measured value of each sample spot on the support by using the obtained correction parameters 
for the inter-pin spotting amount errors. 



55 



5. A method for correcting an inter-pin spotting amount error of a microarray according to claim 4, wherein information 
for identifying the pins used for immobilizing the samples to respective sample spot locations is obtained via po- 
sitional information of wells on a well plate, which store the samples to be transferred to a microplate with the pins. 
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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 5A 
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Fig. 6 
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(57) The present invention has an objective of ob- 
taining more accurate data of microarray experiments 
by correcting an inter-pin spotting amount error caused 
upon microarray production using a plurality of pins. 

Upon microarray production, samples are immobi- 
lized on a microarray support using all pins as controls 
for correcting the inter-pin spotting amount errors. After 



the microarray experiments, luminescent intensities of 
the samples used as control spots for correcting the in- 
ter-pin spotting amount errors are measured and used 
to obtain correction parameters for the inter-pin spotting 
amount errors of respective pins. These parameters are 
used to correct luminescent intensities of other samples. 
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